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 Abstract 
 Aim: The aim of this study was to analyze which variables predicted nursing home admission 
(NHA) and death.  Methods: 1,001 recipients of domiciliary care were assessed three times
in a 3-year period. Through bivariate and multivariate Cox proportional hazards regression 
models, associations between a covariate and the outcomes were analyzed.  Results: Partici-
pants with dementia had a higher risk of NHA (odds ratio 3.88, 95% confidence interval 2.92–
5.16) compared to participants without dementia. The Neuropsychiatric Inventory sub-syn-
drome psychosis, poorer functional impairment and age were associated with NHA. Female 
sex, age, worse medical health and functional impairment were associated with death.  Con-
clusion: Support to the caregiver and education on how to meet and cope with behavioral 
disturbance, depressive mood and sub-syndrome psychosis will probably enable the family 
to better adapt to late life changes.  © 2015 S. Karger AG, Basel 
 Introduction 
 Dementia is a common and serious disorder in later life that has profound consequences 
for individuals, their families and caregivers. It is a major cause for nursing home admission 
(NHA) with admission rates subsequent to dementia diagnosis around 20% after 1 year up 
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to 50% after 5 years  [1–3] . The median time from dementia diagnosis to NHA varies between 
36 and 42 months  [4] . Predictors for NHA are explained by individual characteristics, but 
also by the physical and social environment  [5] . Co-living with people with dementia is 
reported to be challenging because of care dependency, impaired cognition and neuropsy-
chiatric symptoms such as depression, anxiety, apathy and irritability  [6] . Interventions 
among community-dwelling older people need to address the patient-caregiver dyad as a 
whole.
 Neuropsychiatric syndromes (NPSs) are highly prevalent (up to 65%) among people 
with dementia  [7] . NPSs are increasingly recognized as a major risk factor for caregiver 
burden, greater functional impairment, more rapid cognitive decline and poorer quality of life 
 [8] . Depression, anxiety and irritability are likely risk factors for functional impairment 
because they are associated with decline in physical capacity in multiple cohorts  [9] .
 Many reports show that age, general medical health, frailty, daily functioning, NPS and 
dementia are associated with both NHA and death  [2, 10–15] . Hallucinations and depression 
are associated with higher mortality  [15] , and major depression  [16] , delusions and agitation 
are reported to be associated with a higher risk of NHA  [17, 18] . However, Gaugler et al.  [12] 
found no association between the presence of psychosis and earlier NHA. A number of studies 
have found overall behavioral symptoms to predict NHA  [17, 19–21] .
 This study targeted community-dwelling older people receiving domiciliary care. This is 
a vulnerable group with expected higher rates of NHA and death than in the normal popu-
lation. In Norway, most people admitted to nursing homes have previously received some 
kind of domiciliary care  [22] . Norwegian legislation makes domiciliary care a mandatory 
service in all municipalities. The service offered can be medical or practical  [22] .
 Knowledge on how families and domiciliary services can manage and diminish risk 
factors for NHA is warranted. To our knowledge, no previous research has been performed 
among users of domiciliary care in order to map risk factors for NHA and death. Therefore, a 
study with a 3-year follow-up of 1,001 older people receiving domiciliary care was designed. 
The aim of the study was to analyze which variables predicted NHA and death among older 
people receiving domiciliary care.
 Materials and Methods 
 This is a 3-year prospective study of community-dwelling older people receiving domi-
ciliary care.
 Sample 
 Nineteen municipalities of small, medium and large size in the eastern part of Norway 
recruited participants to the study. The inclusion criteria required recipients of domiciliary 
care aged  ≥ 70 years who had a next of kin who saw them at least once a week. Participants 
were both established and new users of domiciliary care. Established users were drawn from 
the lists of the domiciliary care services and new users were included successively. These 
services could typically include ‘meals on wheels’, safety alarm, practical aid, daycare center, 
mental health care or in-home nursing.
 A total of 1,796 people were eligible for inclusion. Of these, 795 (44.3%) declined partic-
ipation. Those who declined were more often women (72.7 vs. 68.2%, p = 0.04) and older 
(mean age 85.0 ± 6.2 vs. 83.4 ± 5.7 years, p < 0.001) than those who participated. The baseline 
sample comprised 1,001 participants ( fig. 1 ).
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 Data Collection 
 The baseline data were collected between August 2008 and December 2010 and the 
participants were followed up for 3 years or until they died, whichever was shorter. Dates of 
NHA and death were available for all participants in the study period. Health workers in the 
municipality services who participated in standardized training programs prior to the assess-
ments collected the data.
 The participants were assessed with a number of tools, including the Mini-Mental State 
Examination  [23] , in which the scores add up to give a sum score between 0 and 30 and 
lower scores indicate poorer cognitive functioning. In the Clock Drawing Test, a ‘perfect’ 
clock was given a score of 5, visuospatial errors from minor to severe were given a score 
from 4 to 1, and an inability to make any reasonable representation of a clock was given a 
0 score  [24] . The Informant Questionnaire on Cognitive Decline in the Elderly assesses 
observed change in cognition over the last decade reported by the next of kin  [25] . On a 
scale ranging from 0 to 5, a score <3 indicates improvement, a score >3 indicates deterio-
ration and a score of 3 indicates no change. The Clinical Dementia Rating scale (CDR) 
assesses the level of dementia  [26] . The CDR includes six items and is scored by the assessor 
considering all available information. Based on an algorithm giving precedence to memory, 
Participants T0
(n = 1,001)
Died
(n = 151)
Died
(n = 173)
Lost to follow-up
(n = 221)
NHA
(n = 302)
Continued to
live at home
(n = 699)
Number of dead
(n = 324)
Adhered to the whole study T36
(n = 456)
Non-participants (n = 795)
All declined participation
Older than participants, Ø 85.0 vs. 83.4 years,
p < 0.001*
More women, 72.7% vs. 68.2%, p = 0.04*
Eligible and invited to participate
(n = 1,796)
 Fig. 1. Flowchart of partici-
pants.  * χ 2 test. 
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a CDR score is generated with scores 0, 0.5, 1, 2 and 3, indicating no, possible, mild, moderate 
and severe dementia, respectively. NPSs were assessed with the Neuropsychiatric Inventory 
ten-item version (NPI-10)  [27] . It collects information on symptoms in ten domains and the 
ratings are based on symptoms occurring over the previous month reported by the next of 
kin. The item scores are calculated by multiplying the frequency score by the severity score. 
The Physical Self-Maintenance Scale (PSMS) was used to evaluate functional impairment 
 [28] . This scale evaluates six different areas with a total score ranging from 6 (best) to 30 
(worst). Medical comorbidity was assessed using the General Medical Health Rating 
(GMHR) scale  [29] , which produced a score in one of four categories: very good, good, fair 
or poor.
 Two physicians with wide experience in old age psychiatry independently provided diag-
noses of dementia according to the ICD-10  [30] and of mild cognitive impairment according 
to the Winblad criteria using all available information  [31] . Where they disagreed, a third 
clinical expert was consulted and consensus was reached.
 Statistical Analyses 
 Data were analyzed using IBM SPSS statistics Windows version 22 (IBM Corp., Armonk, 
N.Y., USA).
 In cases with <50% missing items on a scale, missing values were imputed. In cases with 
>50% missing items on a scale, the scale was kept as missing. Because of statistically signif-
icant differences on some demographic variables between those with and those without 
missing variables (GMHR), the same imputation algorithm was performed within each 
stratum, which was defined by significant demographic variables.
 In order to identify sub-syndromes of the NPI, a principal component analysis was 
conducted. The results of this analysis showed that all items loaded into distinct factors apart 
from the NPI item agitation, which loaded on hyperactivity and psychosis (slightly stronger 
on the latter). Due to clinical experience, the item agitation was analyzed as part of the hyper-
activity factor. This produced three different sub-syndromes of NPS: psychosis (delusions 
and hallucinations), affective (depression, anxiety and apathy) and hyperactivity (agitation, 
disinhibition, euphoria, irritability and aberrant motor behavior). This conforms to earlier 
research even if some studies suggested that apathy should be analyzed as an individual 
factor  [7] .
 Bivariate logistic regression was used to estimate the odds ratio (OR) for NHA and death. 
To ensure the independence of variables included in the model, the correlation between the 
variables was controlled and none of the correlation coefficients were >0.5. Each explanatory 
variable was tested separately in a bivariate Cox proportional hazard regression model. Any 
association between a covariate and the outcomes (p < 0.2) was included in a multivariate 
Cox proportional hazard regression model.
 To ensure that the effects of the explanatory variables were independent of time from 
baseline, we performed two different tests. For the continuous explanatory variables (age, 
GMHR, PSMS, NPI and NPI sub-syndromes), we estimated the Cox model and saved the partial 
residuals. Then we tested the correlation between the partial residuals and the time variable. 
If these correlations were <0.2, the explanatory variable was judged to be independent of 
time. All the tested continuous variables were independent of time. For dichotomous vari-
ables (sex, living alone, dementia and any use of psychotropic drugs), we plotted the survival 
curves with a Kaplan-Meier plot for each variable split on the two possible scores ( fig. 2 ) and 
checked for crossing lines. Variables with non-crossing lines were assumed to be independent 
of time  [32] . This was the case for all dichotomous variables. All significance tests were two-
tailed and the level of significance was set at <0.05.
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 Ethical Considerations 
 Prior to participating in the study, all participants and their next of kin were given written 
and oral information about the project and gave informed consent to participate in the study. 
The closest family proxy gave informed written consent on behalf of his/her next of kin for 
those who lacked the capacity to consent. The Regional Committee for Medical and Health 
Research Ethics; Committee A, Eastern Norway (S-08111b), the Norwegian Social Science 
Data Services (NSD) (07-2008SI) and the Directorate for Health and Social Affairs (08/2984) 
approved the project.
 Results 
 The study included 1,001 participants.  Table 1 presents the characteristics of the sample 
at baseline. Of the baseline sample, 30.7, 27.8 and 41.5% were diagnosed as having no 
cognitive impairment, minimal cognitive impairment and dementia, respectively. As shown 
in  figure 1 , 302 participants (30.2%) experienced NHA. Of these, 194 participants (64.2%) 
had dementia at baseline. During the study period, 324 participants (32.4%) died. Of these, 
161 participants (49.7%) had dementia at baseline.
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 Fig. 2. Time until NHA and death of the whole sample and of participants with and without dementia. 
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 Participants with dementia had an almost four times higher crude risk of NHA (OR 3.88, 
95% confidence interval [CI] 2.92–5.16) compared to participants without dementia. The 
crude risk of dying was higher among those who experienced NHA compared to those who 
continued to stay at home (OR 3.04, 95% CI 2.29–4.04). The mean time to NHA and death was 
510.6 ± 289.5 and 553.7 ± 303.0 days, respectively.
 Kaplan-Meier plots showed that the relationship between the survival functions of days 
until NHA and death were constant over time, thus meeting the proportional hazards 
assumption ( fig. 2 ).
 The independent variables associated with NHA and mortality risk (p  ≤ 0.2) were all 
included in two Cox regression models.  Tables 2 and  3 display the bivariate and the multi-
variate Cox regression results. In the multivariate analysis, the baseline variables associated 
with NHA were dementia, the NPI sub-syndrome psychosis, poorer functional impairment 
and age ( table 2 ). Baseline variables associated with death were female sex, age, worse 
general medical health and greater functional impairment ( table 3 ).
 Table 1.  Participant characteristics regarding demographics and function levels at baseline (n = 1,001)
Characteristics n1 Baseline scores
Age, years (mean ± SD) 1,001 83.4 ± 5.7
Women, n (%) 1,001 682 (68.2)
Living alone, n (%) 984 665 (66.5)
Good/very good physical health (GMHR), n (%) 999 547 (54.7)
Dementia, n (%) 1,001 415 (41.5)
PSMS severity (mean ± SD) 996 9.2 ± 3.6
Sum NPI (mean ± SD) 958 5.06 ± 9.5
 NPI sub-syndrome hyperactivity (mean ± SD) 966 1.66 ± 4.6
NPI sub-syndrome psychosis (mean ± SD) 975 0.53 ± 2.0
NPI sub-syndrome affective (mean ± SD) 972 2.88 ± 5.3
 SD = Standard deviation.
1 Number of participants with complete data.
 Table 2. Cox proportional hazards model of the time until NHA, including all characteristics as potential 
influencing factors – bivariate and multivariate associations
Characteristics n1 Bivariate analysis, 
HR (95% CI)
Multivariate analysis, 
HR (95% CI), n = 976
Age 1,001 1.07 (1.04 – 1.09) 1.05 (1.03 – 1.07)
Female sex 1,001 1.27 (1.00 – 1.61) not significant
Living alone 984 1.14 (0.90 – 1.44) not included
GMHR 999 1.36 (1.19 – 1.55) not significant
Dementia 1,001 3.12 (2.47 – 3.95) 2.06 (1.58 – 2.68)
PSMS 996 1.14 (1.11 – 1.17) 1.09 (1.06 – 1.12)
Sum NPI 958 1.03 (1.02 – 1.04) not included
NPI sub-syndrome hyperactivity 966 1.04 (1.02 – 1.06) not significant
NPI sub-syndrome psychosis 975 1.15 (1.12 – 1.20) 1.11 (1.07 – 1.15)
NPI sub-syndrome affective 972 1.05 (1.03 – 1.07) not significant
HR derived using Cox proportional hazards regression model with 3-year risk of NHA as the depen dent 
variable.
1 Number of participants with complete data.
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 Discussion 
 This study aimed to identify variables associated with NHA and mortality risk among 
older people receiving domiciliary care. Functional impairment and age were predictors for 
both NHA and death. Dementia and the NPI sub-syndrome psychosis were predictors for NHA 
but not death, while female sex and worse general medical health were predictors for death 
but not for NHA. Having dementia more than doubled the risk of NHA within the study period. 
These findings confirm earlier studies reporting that dementia, NPS and activities of daily 
living function were important predictors for NHA  [1, 2, 4, 6, 11, 13, 14] .
 A Swedish population-based study showed that dementia, functional impairment and hip 
fracture predicted NHA among home-dwelling older people >75 years of age  [2] . The present 
study confirms that dementia, functional impairment and old age are predictors for NHA.
 An American population-based study reported that clinically significant delusion (hazard 
ratio [HR] 5.74), agitation (HR 4.70), and depression (HR 3.06) were associated with a higher 
risk of NHA  [17] . The present study found that the NPI sub-syndrome psychosis increased the 
risk of NHA (HR 1.11), whereas the NPI sub-syndromes hyperactivity and affective did not 
increase the risk of NHA. Knowledge about delusions and hallucinations and how to meet and 
cope with such symptoms in the family seems to be particularly important if NHA is to be 
postponed or avoided.
 In the present study, functional impairment was almost an equally strong predictor for 
NHA as a predictor for death (HR 1.08 vs. 1.09). For each decade of aging, the risk of NHA 
increased by 50% while the risk of death increased by 30%. According to Gerstorf et al.  [33] , 
depression and hallucinations (HR 1.56 HR 2.59, respectively) were associated with a higher 
mortality risk. The population-based study by Eaker et al.  [11] found that people with 
dementia are at greater risk of NHA than of dying compared to people without dementia. 
Dementia is reported to increase the risk of death, independent of comorbid conditions  [11] . 
Such reports are contrary to the findings of the present study, possibly a result of the fact that 
the other studies were population-based, while this study had a selected sample of older 
people.
 The type of dementia, degree of functional impairment, caregiver’s age and perceived 
burden are reported to be predictors for NHA  [4, 17] , while behavioral disturbance, depressive 
 Table 3. Cox proportional hazards model of the time until death, including all characteristics as potential 
influencing factors – bivariate and multivariate associations
Characteristics n1 Bivariate analysis, 
HR (95% CI)
Multivariate analysis, 
HR (95% CI), n = 976
Age 1,001 1.04 (1.02 – 1.06) 1.03 (1.01 – 1.05)
Female sex 1,001 1.78 (1.43 – 2.22) 1.66 (1.33 – 2.08)
Living alone 984 1.37 (1.10 – 1.72) not significant
GMHR 999 1.56 (1.38 – 1.77) 1.35 (1.18 – 1.55)
Dementia 1,001 1.50 (1.21 – 1.87) not significant
PSMS 996 1.12 (1.09 – 1.15) 1.08 (1.05 – 1.11)
Sum NPI 995 1.01 (1.00 – 1.02) not included
NPI sub-syndrome hyperactivity 966 1.02 (1.00 – 1.04) not significant
NPI sub-syndrome psychosis 975 1.07 (1.02 – 1.08) not significant
NPI sub-syndrome affective 972 1.02 (1.00 – 1.04) not significant
HR derived using Cox proportional hazards regression model with 3-year risk of death as the depen dent 
variable.
1 Number of participants with complete data.
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mood and functional impairment are associated with caregiver burden  [4, 12, 19] . Support to 
the caregiver and education on how to meet and cope with behavioral disturbance, depressive 
mood and sub-syndrome psychosis will probably enable the family to adapt to late life changes 
better and make everyday life more manageable. Domiciliary care needs to address the conse-
quences of dementia and relieve the burden of the caregiver in order to postpone NHA. 
Designing interventions to target and treat NPS and decrease the burden of NPS on the care-
giver can be important avenues to decreasing negative clinical outcomes.
 This study has considerable strengths. The data come from a clinical sample, generating 
a representative sample of community-dwelling people  ≥ 70 years who receive some kind
of domiciliary care. Functional impairment and need for assistance in this sample highly 
correlate with nationwide data  [34] , even if the attrition of invited participants was rather 
large. The participants were assessed using standardized instruments, leading to a precise 
measurement of many variables thought to be associated with NHA. The participants 
constitute a vulnerable group compared to older people who do not receive domiciliary care, 
which provides important information about predictors for NHA and death.
 The limitations of this study include the fact that numerous assessors with different expe-
rience in using assessment tools were engaged in order to assess the participants. Howev-
er, all the assessors completed comprehensive and standardized training prior to the data 
collection, and all of the assessors were familiar with observing and cooperating with older 
people and their families in their homes. It must be acknowledged that this study was carried 
out in Norway in the context of a public and universal health care system, which also includes 
coverage for long-term care institutions. Thus, the generalizability to other health care 
systems is not evident.
 Conclusion 
 The present study confirms that dementia and psychosis are predictors for NHA. Func-
tional impairment and age predict NHA and death, whereas general medical health and female 
sex predict death.
 Individual characteristics that predict NHA and death outline a need in domiciliary care 
to address how these individual characteristics affect the psychosocial environment of older 
people. Supportive and tailored domiciliary services, which involve the caregiver and other 
family members, might relieve caregiver burden, increase quality of life and postpone NHA. 
Hence, psychosocial interventions, education of the patient-caregiver dyad and tailored 
daycare programs might be relevant avenues to implement.
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 Erratum 
In the article by Wergeland et al. entitled ‘Predictors for nursing home admission and death among community-
dwelling people 70 years and older who receive domiciliary care’ [Dement Geriatr Cogn Disord Extra 2015;5:320–
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